Objective-To examine mechanisms controlling the stapedial reflex in patients with amyotrophic sclerosis (ALS). Methods-The stapedial reflex was examined using impedance audiometry in 38 patients with sporadic ALS and in 25 age matched controls.
Results-All patients showed normal reflex decay test results. There were no significant differences between patients with ALS and control subjects in reflex threshold, latency, amplitude, or contraction time (C50). Although each reflex variable in the patients with classic or progressive muscular atrophy types of ALS showed no significant difference from that in control subjects, the patients with bulbar type ALS showed significantly longer latency, C,o, and retraction time (D50), and significantly lower amplitude than control subjects. Three types of abnormal reflex waveforms (polyphasic, abnormally delayed retraction, and abnormally early retraction) were noted in six patients. Conclusion-The subclinical involvement of the stapedius motor neurons or of the supranuclear stapedius motor system might be responsible for the abnormalities of the stapedial reflex in ALS.
(3 Neurol Neurosurg Psychiatry 1996;60:544-548) Keywords : amyotrophic lateral sclerosis; stapedial reflex; impedance audiometry; stapedius motor neuron; bulbar palsy introduction Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease involving the motor neuron system. In ALS, the involvement of the main facial motor neurons innervating facial mimetic muscles has been confirmed clinicopathologically, but that of the stapedius motor neurons running in the facial nerves and innervating the stapedius muscles has not been established. In the present study, to analyse impairment of the stapedius motor system clinically, the stapedial reflex-which physiologically protects the inner ear against exposure to hazardous sound by contracting the stapedius muscles in the middle ear-was investigated by impedance audiometry in patients with ALS.
Materials and methods

SUBJECTS
Thirty eight patients with sporadic ALS were studied (26 men, 12 women; mean age 56-9 (SD) 11-3 years (range 34-2-82-2 years); mean duration of the disease 2-8 ( 2 9 (RION Co Ltd, Japan) was used for recording.
PROCEDURE
Initially pure tone air conduction thresholds at 500, 1000, and 2000 Hz were examined by standard procedures in a double walled soundproof room, and tympanograms were obtained. In each subject, stapedial reflex thresholds were detected in each ear by presenting a 500 Hz pure tone stimulus contralaterally. The reflex decay test was carried out with a pure tone stimulus of 500 Hz at 10 dB above the reflex threshold. The stimulus duration was 10 seconds in the decay test. A reduction of the response amplitude of more than 50% during the 10 second stimulation was regarded as a positive result in the reflex decay test.
To measure several reflex variables, 10 sequential reflexes were averaged and recorded using pure tone stimuli of 500 Hz at 10 dB above the reflex threshold. The stimulus duration was 500 ms and the rise/fall time was 10 ms. The analysis time was 1 
HEARING LEVEL
The mean (SD) hearing level at 500 Hz was 14-6 (6-4) dB HL in the control subjects and 15-4 (5 6) dB HL in the patients with ALS. The mean (SD) hearing levels at 500 Hz for the subgroups of patients were 16-3 (4 9) dB HL for the classic type, 14-4 (6-0) dB HL for the bulbar type, and 14-5 (6 9) dB HL for the progressive muscular atrophy type. No significant differences were seen between the patient and the control values.
The mean (SD) hearing level at 500, 1000, and 2000 Hz was 16-0 (9.7) dB HL in the control subjects and 16-0 (7-5) dB HL in the Table 2 shows each reflex variable in the control subjects and in the patients with ALS. D5, in the patients (266-3 (SD 94 5) ms) was significantly longer than that in the control subjects (236-8 (SD 91-9) ms; P < 0 05), but there were no significant differences between latency, C50, and amplitude in the control subjects and those in the patients with ALS. Table 2 and figs 3 and 4 show the reflex variables in each subgroup of patients. In the patients with bulbar type ALS, latency, C5,, and D,o were significantly longer than those in the control subjects (P < 0 05, P < 0 001, and P < 0 05 respectively), and amplitude was significantly lower than that in the control subjects (P < 0 001). In the patients with classic and progressive muscular atrophy type ALS, the reflex variables showed no significant differences compared with controls.
In the control subjects, the averaged reflex waveform was usually monophasic or diphasic with or without an initial dip ( fig 5A) . A fig 5G) . Although latency, C50, and amplitude were within normal ranges in those patients, the maximum gain of reflex was not maintained before cessation of the acoustic stimulation. Accordingly, D50 was negative in those patients. On the other hand, one patient with classic ALS showed abnormally delayed retraction ( fig 5D) . In this patient, D50 could not be measured within the analysis time of 1-5 seconds. In the remaining 32 patients, the averaged reflex waveforms showed a normal pattern.
There was no significant correlation between the reflex threshold or any reflex variables and the duration of the disease in patients with ALS.
FACIAL EMG
In the facial needle EMG study, seven of 10 patients with classic type, eight of nine bulbar type, and one of three progressive muscular atrophy type showed one or more of the neurogenic changes such as reduced interference pattern, motor unit potentials with high amplitude and long duration, and polyphasic motor unit potentials.
Discussion
In the evaluation of each reflex variable, the patients with bulbar type showed the following abnormal findings: prolongation of latency, C50, and D50, and decrease of amplitude. The prolongation of the mean D50 in all 38 patients is considered to reflect mainly the prolongation of D50 in the patients with bulbar type, because those in the patients with classic and progressive muscular atrophy type were within the normal ranges. Possible candidates for the lesion responsible for these abnormalities are (a) the stapedius motor neurons, (b) the interneurons in the brainstem, and (c) the higher regulating system or the corticofugal tract projecting to the reflex arc.
Because amplitude is known to be the most sensitive indicator of neuropathological processes among the reflex variables, and latency usually increases as amplitude decreases,4 the prolongation of latency and C50 may be a reflection of the decreased amplitude. Generally in the limb muscles of patients with ALS, axonal degeneration of motor neurons induces slightly slowed latency and reduced amplitude of compound muscle action potentials.5 The prolongation of latency and C5, and the decrease of amplitude may be explained by subclinical involvement of the stapedius motor neurons. Moreover, the polyphasic or unstable reflex waveforms seen in three cases ( fig 5B) might be due to insufficient muscle contraction and resultant unstable membrane deflection.
The prolongation of relaxation time of the stapedial reflex has been reported in various neuromuscular disorders,6-9 but its mechanism remains controversial. The stapedial reflex is mediated by interconnected neural pathways in the brainstem. A direct pathway of the reflex involves neurons in the ventral cochlear nucleus with their axons running in the trapezoid body, and interneurons in the medial superior olivary complex.'011 Borg'0 also described a multisynaptic indirect pathway of the reflex and proposed the lateral zone of the reticular formation as the responsible region. According to Borg's experiments, a lesion involving the direct pathway increased the latency, delayed the onset, and slightly increased the relaxation time of the stapedial reflex, and these findings were considered to reflect the activities of the indirect pathway.'0 If interneurons mediating the direct pathway are involved, the contraction and relaxation time might be prolonged. However, no pathological evidence that the trapezoid body or the medial superior olivary complex is involved in ALS has been reported.
Another possible explanation for the prolongation of D50 is the involvement of a higher regulating system. Experimental ablation of the auditory cortex or intercollicular decerebration induced disappearance of a long latency component of the acoustic reflex EMG.12 13 Furthermore, voluntary movements of the laryngeal and pharyngeal muscles have been reported to increase stapedius muscle activity.'4 15 These findings suggest corticofugal descending regulation from the auditory cortex and cortical area which integrates motor behaviour. If the descending inhibitory regulation is impaired, the acoustic reflex might be delayed, and the relaxation time prolonged.
The early retraction seen in two patients ( fig  5C) can be explained by the involvement of the indirect pathway in the medullary reticular formation or of the descending regulating system. The appearance of Bunina bodies in the medullary reticular formation in ALS reported by Nakano et al'6 suggests the possibility of indirect pathway involvement and abolishment of the long latency component of the stapedial reflex. On the other hand, if the descending excitatory projection to the reflex arc is impaired, the late component of the stapedius reflex can be lost, resulting in early relaxation of the stapedius muscles. Disappearance of the R2 component despite the presence of a normal Rl component in studies of the blink reflex in ALS or cerebrovascular disease also suggests supranuclear dysregulation. 7 18 Why did only the patients with bulbar type show the abnormal reflex variables in this study? As the facial mimetic muscles are usually affected in both bulbar and classic types of ALS, it cannot be explained by the degree of facial muscle involvement. The needle EMG findings also disclosed no differences in the frequency of the EMG neurogenic changes of the facial muscles between the bulbar type and the classic type. Moreover, it is unlikely that the distortion of facial musculature and the resultant change of the middle ear bone compliance caused the reflex abnormalities in the bulbar type of ALS, because the tympanograms in all the patients were normal. The significantly decreased amplitude in the bulbar type suggests that the stapedius motor neurons are more vulnerable in the bulbar type than in the other subgroups of ALS. In addition, the degeneration of the stapedius motor neurons may probably be independent of that of the facial mimetic motor neurons in ALS, a view supported by the anatomical findings that the stapedius motor neurons are located in the perifacial and the accessory stapedius nuclei distinct from the main facial nucleus.'921 Because the frequency of the bulbar type patients with exaggerated jaw reflexes or deep tendon reflexes was similar to or less than that of the classic type patients in this study (table 1), the degenerations of the corticotrigeminal tract and the corticospinal tract may have no correlation with the stapedial reflex abnormalities in the bulbar type. Salomon and Starr'4 reported that movements of the laryngeal and pharyngeal muscles were always associated with an increase in stapedial EMG activity, and that, by contrast, movements of the facial muscles such as tight voluntary eye closure were not associated with such activity. There may be a close relation between the bulbar involvement and the vulnerability of the stapedial reflex in ALS, and a common mechanism may be involved both in degeneration of the corticobulbar tract and that of the corticostapedial tract.
